INTRODUCTION
Flax (Linum usitatissimum L.) is use for many purposes, such as linen, and traditionally used for bed sheets, underclothes, table linen and its main use now is for finer fabric yarns (including blending with wool and synthetic materials).. The oil is known as linseed oil. Flax is grown for its oil, used as a nutritional supplement, and as an ingredient in many wood-finishing products. Flax is also grown as an ornamental plant in gardens. Flax fibers are taken from the stem of the plant and are two to three times as strong as those of cotton.
The limitation of flax cultivated land challenges investigators to produce more fiber and seed yield per unit area through planting high yielding varieties and improvement of agricultural practices. One of the main objective of breeding program is to develop to new recommended cultivars which surpass that commercial cultivar. Plant breeding can be divided into three stages; assembly and creation of a pool of breeding population, selection of superior individual from the pool and utilization of the selected individuals to create a superior variety. Estimates of genetic variance and heritability can be of value in all three stages. Yield is complex character and as suggested by Grafius (1965) there may not be genes for yield per se and it is the joint interaction of the different components. The complex characters are likely to show high interaction with environment and thus unsuitable for direct selection. However, the components of yield are simpler in inheritance and exhibit less environmental interaction and in turn they can be used as selection criteria for improving yield. Thus it is necessary to know the variability for these components. The yield level and genetic variance of the base populations would thus determine the success of any selection programs (Kofoid et al.,1978) .
Various workers found significant effect of environments on straw yield, seed yield and their components. Varietal differences among flax genotypes has been studied by many investigators (e.g. Momtaz et al.,1990 , Zahana et al.,2003 and Abo-Kaied et al., 2006 and 2008 they found that significant differences among genotypes of flax in straw yield per plant, plant height, technical stem length, seed yield per plant and per faddan and no. of capsules per plant. Badwal et al.,(1971) indicated that capsules number and 1000-seed weight were the most important yield components and the best criteria for selecting high yielding lines linseed.
The ultimate goal of flax breeding program in Egypt is to improve straw and seed yields as well as fiber and oil quality traits. Phenotypic, genotypic variance and heritability estimates for yield and its attributes are considered basic information for designing a successful breeding program to improve straw, seed yields and quality characters both of fiber and oil. A stress susceptibility index (S) proposed by Fisher and Maurer (1978) can be used as indicator for measuring drought tolerance under stress conditions and could help for isolating improved tolerant genotypes (Winter et al., 1988) . Therefore, the present study aimed to 1) evaluation of 16 flax genotypes under both normal and sandy soil conditions (drought), 2) evaluate the influence of drought stress on yield and yield components of these genotypes and 3) identify the best flax genotypes which could be recommended for breeding drought tolerant or suitable to sandy soil conditions.
MATERIALS AND METHODS
The materials used for the present study consisted of sixteen flax genotypes, thirteen local lines and three commercial varieties (Giza 8, Sakha 1 and Sakha 3) as check. The pedigree and origin of the sixteen genotypes used are partially described in Table1. 
These sixteen genotypes were evaluated in two successive seasons (2012/2013 and 2013/14) at two locations viz: Giza Exp.Station, Giza Governorate (clay, organic matter of 1.87%, available nitrogen 29.87 ppm, E.C. 1.87 and pH = 7.87) and Ismailia Exp. Station, Ismailia Governorate (sandy soil, organic matter of 0.055 %, available nitrogen 6.77 ppm, E.C. 0.14 and pH value of 7.62). The experimental design was randomized complete block with three replications per each of the four environments (combination of locations x years). Flax seeds of each genotype were sown during the second week of November for all trials in all seasons. Plot consisted of 10 rows, 3 m long and 2 m wide (1/700 fed). Plant density of 2000 seeds/m 2 was used. Recommended agronomic practices were followed.
At harvest, data on ten randomly guarded plants from each plot were recorded to determine the averages of the individual plant traits. Straw, seed and fiber yields/fed was calculated on plot basis. Oil percentage (%) was determined as an average of two random seed samples/plot using Soxhlet apparatus (A.O.A.C. Society, 1995). The following characters were recorded: I) Straw yield, fiber yield and their related characters: (1) Straw yield (ton)/ fad (fad=0.42 ha), (2) long fiber yield (ton)/fad, (3) straw weight (g)/plant, (4) plant height (cm), (5) technical stem length (cm) and (6) long fiber percentage. II) Seed yield, oil yield and their related characters: (1) Seed yield (ton)/fad, (2) oil yield (ton)/fad, (3) seed weight (g)/plant, (4) 1000-seed weight in gram, (5) No. of capsules/plant, (6) No. of seeds/capsule and (7) oil percentage.
Statistical analysis:
Plot means were used for statistical analysis. Data from each of four environments (combination of years and locations) were analyzed. Bartlett' test of homogeneity was used before combined analysis. The estimates of the variance components were calculated by using the expected mean squares as outlined by the procedures described by Johnson et al., (1959) .
Susceptibility analysis:
A stress -susceptibility analysis index (S) was used to characterize each genotype in the stress environments and the index was calculated using genotype means and a generalized formula (Fisher and Maurer 1978) in which S = (1-YS / YN) / D, where YS = mean yield with stress environment, YN = mean yield with normal environment, and D = environment stress intensity = 1-(mean YS of all genotypes / mean YN of all genotypes). The "S" was used to characterize the relative drought stress tolerance of the various genotypes, where S<0.50 is indicated highly stress tolerant genotypes, S>0.50<1.00 designated moderately stress tolerant and S>1.00 referred to susceptible genotypes.
RESULTS AND DISCUSSION

1-Variability:-Straw yield and its related characters:
The combined ANOVA for straw, fiber yields and their related characters of 16 flax genotypes evaluated at 4 environments (2 years and 2 locations) is presented in Table 2 . The analysis of variance showed that genotypes (G) displayed highly significant differences for straw yield/fed, fiber yield/fed, straw weight (g)/plant and its components viz.:, plant height (cm) and technical stem length (cm) as well as long fiber percentage due to 13 promising flax lines as well as the three check varieties (Giza 8, Sakha 1 and Sakha 3) for combined analysis over 4 environments, this result indicated that genotypes (G) differed in their genetic potential for the previous characters. Such variability among different flax genotypes in straw yield and its components was also reported by Abo El-Zahab et al., (1994) and Abo-Kaied et al., (2006 and 2008) . Splitting the environmental effects into the main sources, years (Y) and locations (L) revealed that years, locations and their first order interaction (GL,GY) had highly significant effect for all traits except long fiber percentage was non-significant, indicating a wide range of variation among the environments studied. This result indicated that genotypes had considerable different responses to environmental conditions. Mean squares due to GL interaction were comparable in magnitude to those of GY for long fiber percentage and straw weight/plant and of higher magnitude for straw yield/fad, fiber yield/fad, plant height and technical stem length, indicating that location had the major effect on the relative genotypic potential of each straw yield/fad, fiber yield, plant height and technical stem length. This means that for reliable evaluation of straw yield and fiber yield it would certainly be necessary to test genotypes in more than multi-location testing. The second order interaction (GLY) was highly significant only for straw weight/plant and its two important components, plant height and technical stem length.
Estimates of variance components among sixteen flax genotypes grown at four environments for straw weight/plant and its important components (plant height and technical stem length) as well as long fiber percentage are shown in Table 4 . Interaction components variances (σ 2 gl, σ 2 gy and σ 2 gly) were less than the genotypic variance (σ 2 g) for all characters. This means that genotypes differ in their genetic potential for these traits. This was reflected in high heritability in broad sense and low discrepancy between phenotypic (PCV) and genotypic (GCV) coefficients of variability specially for long fiber percentage (h 2 = 98.28%, PCV = 6.37%, GCV = 6.31%), plant height (h 2 =90.99%, PCV = 11.74%, GCV = 11.19%) and followed by technical stem length (h 2 = 81.47, PCV = 10.72%, GCV = 9.68%). These results indicating the possibility of using both of plant height and technical stem length as selection indices for improving straw weight/plant. These results are in harmony with that reported by Abo El-Zahab et al., (1994) and Abo-Kaied et al.,(2006) . 
Seed yield and its related traits:-
The analysis of variance for seed yield/fad, oil yield/fad, oil percentage, seed yield/plant and other related traits over four environments of 16 flax genotypes are presented in Table 3 . Mean squares due to genotypes (G) showed highly significant for all characters, indicating the presence of genetic variability among the tested genotypes for these characters. Mean squares due to locations (L) differed highly significantly for all traits except no. of seeds/capsule, indicating a wide range of variation between the two locations under study. Mean squares of years (Y) exhibited highly significant for each of seed yield/fad, oil yield/fad, oil percentage and seed weight/plant. Also, GL interaction was significant for all characters with exception no. of seeds/capsule. This result indicated that genotypes had considerable different responses to differential locations. On the other hand, GY interaction was non-significant for all characters except seed weight/plant which showed highly significant. This reveals the necessity of increasing the test locations but not the seasons in conducting flax traits in Egypt. These findings are in line with those of Shehata and Comstock (1971) and Abo El-Zahab et al., (1994) who found significant effects for locations and years on both seed yield and oil content in flax. The second order interaction (GLY) had highly significant fore each of oil percentage, seed weight/plant, no. of capsules/plant and no. of seeds/capsule. gly) was less than the genotypic variance (σ 2 g) for, 1000-seed weight, no. of capsules/plant and oil percentage indicating that genotypic differences over shadow GE interaction effects. Also, this reflected in the values of observed narrow range between phenotypic (PCV) and genotypic (GCV) coefficients of variability, which gave almost similar values of PCV (16.69%) and GCV (16.60%) in 1000-seed weight was mainly due to genetic differences as evidenced from the high heritability estimate (98.92%). Also, no. of capsules/plant and oil percentage showed similar results, indicating possibility of using these three yield traits in selection criteria with giving more weight for 1000-seed weight and no. of capsules/plant for improving seed weight/plant. On the other hand, the values of variance components of no. of seeds/capsule, especially low values of PCV (4.02%) and GCV (2.00%) as well as narrow range between them and low degree of heritability (24.73%) indicated that this trait has no significant role in improving seed weight/plant and selection for this trait well be misleading. These results are harmony with that reported by Badwal et al., (1971) and Abo-Kaied et al., (2008) who reported that capsules number and 1000-seed weight are the major factors which directly contribute to seed weight/plant. 
2-Genotypic mean performance and stress-susceptibility index (S). Straw yield and its related characters.
Mean performance and susceptibility index (S) for straw, long fiber yields/fed and their related traits as well as long fiber percentage for sixteen flax genotypes is shown in Table 6 . S.541-D/10 followed by S.541-C/3 and Sakha 1 show high mean performance for both of straw yield/fed and plant height for almost individual environments and combined. Also, S.541-D/10, S.541-C/3 and S.806/23/3 exhibited high mean performance for both of fiber yield/fad and straw weight/plant in addition S.541-D/10, S.541-C/3 and S.808/8/5 for technical stem length. And finally S.541-D/10, Sakha 3 and S.808/8/5 gave high mean performance for fiber percentage for almost individual environments and combined.
In general, results indicated that, S.541-D/10 and S.541-C/3 proved maximum mean performance for straw, long fiber yields/fed, plant height and technical stem length as well as long fiber percentage when compared with the other lines as well as the three check varieties, Giza 8 (oil type), Sakha 1 (dual purpose type) and Sakha 3 (fiber type). Therefore, the previous mentioned two lines may be released as commercial cultivars and/or to be incorporated as breeding stocks in flax breeding program aiming at producing high straw and fiber yields lines.
A stress susceptibility index (S) proposed by Fisher and Maurer (1978) can be used as indicator for measuring drought tolerance under stress conditions could help for isolating improved tolerant genotypes (Winter et al., 1988) . Drought reduces the ability of plants to take up elements, and this quickly causes reductions in growth rate, along with a number of metabolic changes identical to those caused by water stress. (Munns, 2002) .
Table (6) shows mean performance of sixteen flax genotypes for straw yield/fad, oil yield/fad, straw weight/plant and its components as well as fiber percentage under normal (E 1 ) and drought (E 2 ) environments as well as their combined data and the susceptibility index (S). For both of straw yield/fad and fiber yield/fad, out of sixteen flax genotypes, two promising flax lines (S.541-D/10 and S.541-C/3) were identified as high yield potential with high tolerance to drought (sandy soil conditions). Moreover, the other flax lines exhibited moderate tolerance or high susceptibility to sandy soil conditions for other characters. S.620/3/5 showed moderate tolerant for straw weight and its components (plant height and technical stem length) as well as fiber percentage. S.541-C/3 was moderate tolerance for both plant height and technical stem length. S.806/23/3 exhibited moderate tolerance for all traits under study except straw weight/plant. Also, S.888/22 showed moderate tolerant for all characters except plant height. S.777/10/5 exhibited moderate tolerance for all traits except fiber percentage. Also, noted that mean performance of normal environment (E 1 ) always greater than in E 2 in all traits except with fiber percentage, may be due to the xylem weight was lower under sandy soil conditions.
In general, S.541-C/3 and S.541-D/10 gave high mean performance for most characters under study as well as exhibited high tolerance to sandy soil conditions for both straw yield/fed and fiber yield/fad. The previous collected data support the evidence that, the two promising lines, S.541-C/3 and S.541-D/10 may be consider good (high yielding and tolerant) substitutes for the low yielding ones, Giza 8, Sakha 1 and Sakha 3 in future as a new Egyptian flax cultivars for both straw and fiber yields.
Seed yield and its related traits:-
Mean performance for seed yield/fed, oil yield/fed, oil percentage, seed weight/plant and its two important components (no. of capsules/plant and 1000-seed weight) of sixteen flax genotypes under normal (E 1 ) and drought (E 2 ) environments as well as their combined (C) data and the susceptibility index (S) are presented in Table 7 . Out of 16 genotypes, S.541-C/3, S.541-D/10 and Sakha1 exhibited highest values for seed yield/fad, oil yield/fad, seed weight/plant and 1000-seed weight than other genotypes. For no. of capsules/plant, three lines, S.22, S3809/88 and S.620/3/5 gave high mean performance than other genotypes. Also, S541-C/3, S.22 and S541-D/10 exhibited high mean performance for oil percentage.
Table (7) shows mean performance of sixteen genotypes for seed yield, oil yield, seed weight and its components as well as oil percentage under normal (E 1 ) and drought (E 2 ) environments in addition combined data and the susceptibility index (S). Out of 16 genotypes, one genotype (Giza 8) for seed yield/fad, two genotypes (Giza 8 and S.888/14) for oil yield/fad, four genotypes (Giza 8, Sakha 1, Sakha 3 and S.22) for oil percentage, five genotypes (Sakha 3, S.620/3/5, S.541-D/10, S.888/22 and S.888/14) for 1000-seed weight and two genotypes (Sakha 1 and S.808/67/1) for no. of capsules/plant exhibited high tolerance to drought (sandy soil conditions) than other genotypes. Moreover, the other flax genotypes exhibited moderate tolerance or high susceptibility to sandy soil conditions for these characters. It can be concluded that, S.541-C/3 gave high yielding ability for seed yield/fad, oil yield/fad, seed weight/plant and oil percentage with moderate tolerant to sandy soil conditions (drought). Although, the promising flax line S.541-D/10 gave high mean performance for the previous traits but exhibited high susceptibility to sandy soil conditions. 
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